Kochia foliage that had tested positive to Dragendorff" s reagent (presumptive alkaloids) and had elicited chronic toxicosis when fed to rats was fed to sheep to characterize early stages of kochia toxicosis and evaluate treatments that might improve tolerance. Twelve fine-wool lambs (46 f 9 kg BW) were fed chopped kochia hay (35%) mixed with chopped alfalfa hay (65%) for 4 wk. The kochia diet had 14.3% CP and 39.9% ADF. Dry matter intake averaged 3.4% of BW/d. Body weight did not change during 4 wk and blood serum components were not changed from values at the onset. Thereafter, kochia was increased to 50% of diet for five more weeks, during which four treatments were imposed randomly (three lambs/treatment): 1) none; 2) N-acetyl-Lcysteine plus trans-stilbene oxide, 21 and 52 mg/kg of BW, respectively, given i.p. twice weekly; 3) retinyl palmitate, 275 mg, plus alpha-tocopherol, 300 mg/lamb dosed i.m. twice weekly; and 4) zinc sulfate mixed in the feed to provide 500 mg daily. Kochia contained 4.8% oxalate. The diet with 50% kochia had 16% CP and 36% ADF, and digestibility coefficients were 59% for DM, 72% for CP, and 59% for ADF. After 5 wk, blood glucose was elevated slightly, total bilirubin was increased about 1.5-fold (P < .05), alanine amhotransferase was elevated slightly (P < .05), and inorganic phosphorus and urea (blood urea N) were diminished (P < .05); other serum components, including calcium, were unchanged from initial levels (P > .lo). Treatments had negligible effects for modifying serum signs of mild chronic toxicosis associated with kochia-hiy fed as 50% of -diet.
Introduction
Kochia scoparia (L.) Schrad (kochia, fireweed) is a potentially valuable forage plant on arid and semiarid land (Erickson and Moxon, 1947; Finley and Sherrod, 1971; Sherrod, 1971 Sherrod, , 1973 because it yields DE and protein comparable to alfalfa with about half the water requirement. However, its value is diminished by poor utilization of nutrients (Cohen et al., 1989) and by occasional poisoning of livestock grazing kochia (Sprowls, 1981; Kiesling et al., 1984) . Kochia toxicosis in livestock has been characterized (Galitzer and Oehme, 1978; Dickie and Benyman, 1979; Dickie and James, 1983) , and oxalate has been identified as a primary toxicant in drought-stricken, mature, or overgrazed kochia. However, Kiesling et al. (1984) and Thilsted et al. (1989) implicated hepatotoxicants, especially in toxicity of lush, green forage. Seventy of kochia toxicosis in rats was related to content of substances reactive to Dragendorffs reagent, presumably alkaloids (Smith et al., 1986 (Smith et al., , 1989 Rankins, 1987) . Signs of toxicosis in rats tended to be diminished by certain treatments, namely, Nacetyl-L-cysteine (a precursor to glutathione 2925 synthesis) plus trans-stilbene oxide (phase II enzyme inducer), supplemental vitamins A and E, or supplemental zinc (Rankins, 1987) . n e objectives of the present study were to evaluate early changes associated with kochia toxicosis in lambs and to examine the efficacy of various treatments that seemed to be beneficial to rats experiencing kochia toxicosis.
Experlmental Procedure
Kochia scopuria (L.) Schrad. was harvested prebloom (bud stage) as hay from irrigated plots at the Agricultural Science Center in Clovis, Nh4 in 1986. The kochia hay was chopped to pass a 1.27cm screen, as was alfalfa hay. The two hays were mixed as 35% kochia and 65% alfalfa (as-fed basis) and fed to 12 fme-wool lambs for 4 wk. The 12 lambs (eight wethers and four ruminally cannulated ewes) were individually penned and housed inside on concrete floors with wood shavings.
AU animals were given free access to trace mineralized salt blocks5, water, and feed. Feed intakes were monitored and BW recorded at onset (wk 0), d 14 (wk 2), and d 28 (wk 4). Blood samples were collected via jugular venipuncture at 0 and 4 wk. Approximately 10 ml of blood was collected into sterile serum separator tubes, held for 35 min at room temperature, and centrifuged at 2,300 x g for 15 min at 4°C. Separated serum was frozen (-2o'C) until it was analyzed.
After consuming 35% kochia hay for 4 wk, all lambs were fed 50% kochia hay and 50% alfalfa hay for another 5 wk At this time, four treatments were imposed randomly on the lambs (one ruminally cannulated ewe was included in each treatment group). Treatments were 1) kochia hay only (none); 2) kochia hay plus N-acetyl-Lcysteine plus trans-stilbene &SO4 in the feed). Body weights were recorded and additional blood samples collected at wk 6 and 9. AU serum analyses were contracted to Southwest Medical Laboratone&, where serum constituents were determined in an automated serum analyzer. At wk 9, whole blood samples were collected into sterile, heparinized tubes and immediately analyzed for hemoglobin, hematocrit, and red and white blood cell counts. At wk 5, all four Nminauy cannulated lambs were dosed with 50 ml of Co-EDTA (Uden et al., 1980) via the ruminal cannula. Samples of ruminal contents were collected 0, 4, 8, 20 , and 24 h after dosing. Ruminal samples were strained through four layers of cheesecloth, acidified with 1 ml of 7.2 N frozen. Ruminal samples were thawed at room temperature and centrifuged at 10,OOO x g for 10 min. Supernatant fluid was analyzed for Co concentration using atomic absorption spectroscopy (air/acetylene flame).
The natural logarithm of Co concentration was regressed on time, and fluid dilution rate was estimated from the slope of the line. Analyses of variance were executed using
GLM procedures of SAS (1982). Effects of
35% kochia on serum constituents, BW, and feed intakes were analyzed as a completely randomized design. Effects of treatment on serum constituents were analyzed as a splitplot design with treatment in the main plot and time in the subplot, Because of treatment x time interactions, some variables were analyzed within sampling time. Effects of treatment on BW and whole blood analysis were analyzed as a completely randomized design. Means were separated by the lsd test (Steel and Tome, 1980) . H2S04/100 ml of d a l fluid, and stored
Results and Discussion
Fine-wool lambs fed 35% kochia hay and 65% alfalfa hay for 4 wk showed few indications of toxicosis. One of the first indications of toxicosis in animals is decreased appetite; however, lambs fed 35% kochia hay consumed a constant amount throughout 4 wk (3.2% of BW). Although lambs consumed 1.4 kg of DWd, they did not gain weight (46 f 9 kg at onset and 44 f 6 kg at wk 4). Kochia decreased (P < .Ol) sodium levels, bicarbonate/COz, anion gap, and calculated osmolality ( Table 1) . These decreases were statistically significant; however, the biological significance seems slight. Triglyceride levels were decreased 28% and glucose was decreased 7%, whereas blood urea nitrogen was elevated by 17% (P < .05). Uric acid was unusually high at wk 0, but this was caused by one lamb that had an unexplained uric acid level of 5.3 mg/ dl. Serum Ca was unchanged (P > .lo) after 4 wk of kochia ingestion, suggesting that absorbable oxalate was not excessive. In addition, serum enzyme and bilirubin levels were not elevated (P > .lo), indicating no hepatotoxicosis within 4 wk After being fed 35% kochia hay for 4 wk, lambs were fed 50% kochia hay and 50% alfalfa hay for the next 5 wk In addition, various treatments were imposed as possible ways to help characterize, and alleviate, kochia toxicosis. N-acetyl-Lcysteine was administered as a stimulator of glutathione synthesis and injected i.p. to maximize delivery through blood to the liver. Cheeke (1984) reported beneficial effects from supplemental cysteine given to rats experiencing alkaloid toxicosis. Trans-stilbene oxide was provided in conjunction with N-acetyl-Lcysteine because it is a potent inducer of phase II enzymes, including g1utathione-S-transferase. This regimen could stimulate glutathione synthesis, as well as conjugation with toxicant(s), thereby increasing detoxification by elimination. Supplement a l vitamins A and E were intended to protect against possible oxidative damage. Supplemen- "Split-plot analysis of variance revealed no treatment x week interactions (P > .lo). Therefore, week means are bStandard error of the mean, n = 12.
'+%ow values with different superscripts differ (P < .OS).
pooled across treabnents. variance showed a treatment x time interaction values for these main effects are included in for sodium, alkaline phosphatase, lactic de- Table 4 . None of the treatments was consistent hydrogenase, and aspartate aminotransferase; in altering serum profiles; however, effects of therefore, effect of treatment was examined kochia were not detrimental enough to initially within week for these constituents. Although elicit substantial changes in serum profies. some changes were statistically sisnificant, Analysis of whole blood collected from the none had biological meaning. Therefore, lambs at wk 9 showed no differences caused aSpli-plot analysis of variance revealed no treatment x week interactions (P > .IO). Therefore, treatment means me bStandard error of the mean, n = 12.
'*dROw values with different superscripts m e r (P e .IO).
pooled across weeks. by treatment (P > .lo; Table 5 ). However, both red blood cell count and packed cell volume (shown as hematocrit, %) were rather low for ovine species. Because no serum constituents were lowered in concentration, hemodilution can be excluded as the major cause. Decreased red blood cell concentration is likely the result of a shortened half-life of cells or an impairment in red blood cell synthesis. Table 6 shows nutritive value and fluid passage rate measurements of the hay mixture (50% kochia-50% alfalfa). The CP requirement designated by NRC (1985) for 50-kg lambs (moderate growth potential) is 181 g/d. Dietary protein levels should have been adequate (240 g/d) for lambs used in this trial. Dry matter intake at 3.5% of BW/d was also adequate for the last 5 w k In comparison with a diet containing 50% prairie hay and 50% alfalfa hay (Estell et al., 1985) , the fluid dilution rate (13.4%/h vs 11.4%/h), ruminal fluid volume (6.0 liter vs 5.2 liter), turnover time (7.5 h vs 8.9 h), and flow rate (32 literh vs .60 literh) were all quite similar (Estell et al., 1985) , suggesting normal digestive function in lambs fed kochia hay.
Overall, dietary quality of the 50% kochia-50% alfalfa hay mixture was quite high and more than adequate in digestible CP and DM. In spite of adequate intake of digestible nutrients, lambs fed 35% kochia hay for 4 wk and 50% kochia hay for an additional 5 wk did not gain BW. Mir et al. (1987) reported that inclusion of kochia hay beyond 50% of the diet for sheep markedly reduced intake, but Cohen et al. (1989) found that DM intake was constant until kochia hay amounted to 60% or more of DM, although N retention declined as the proportion of kochia increased. Findings support the view that kochia herbage harvested prebloom was mildly toxic when fed as hay to fine-wool lambs. The treatments evaluated had negligible effects toward alleviating the mild kochia toxicosis that was elicited. 
